Objectives-To analyze the association between the anteroposterior hiatal diameter and pelvic organ prolapse and to determine whether 2-dimensional translabial ultrasonography can evaluate hiatal ballooning by measuring the anteroposterior diameter.
F emale pelvic organ prolapse (POP) is a prevalent condition that has an incidence of 40% to 50%, which is likely to further increase because of aging populations. [1] [2] [3] [4] It is defined as a downward displacement of the bladder, uterine cervix, small bowel, and rectal ampulla into the vagina and through the levator hiatus, 4 which is a component of the birth canal. Vaginal childbirth has been proven to be a significant risk factor for levator ani injury, which plays a crucial role in POP. [5] [6] [7] [8] [9] [10] There is substantial alteration of the functional anatomy affecting the levator ani muscle in approximately 20% to 50% of all women after vaginal childbirth. 5 Many studies using magnetic resonance imaging or ultrasonography (US) in different ethnic groups showed that an abnormally distensible hiatus or levator ani injury was a high-risk factor for POP and POP recurrence after surgery, 11, 12 especially in the anterior and central compartments. It was apparent that evaluation of the levator hiatus should be an integral part of POP assessment.
Pelvic floor US has been widely used for more than 20 for evaluation of the pelvic floor. Extensive hiatal distensibility, ie, hiatal ballooning, was determined by measuring the hiatal area during the Valsalva maneuver: a measurement of 25 to less than 30 cm 2 was defined as "mild" ballooning, 30 to less than 35 cm 2 as "moderate" ballooning, 35 to less than 40 cm 2 as "marked" ballooning, and 40 cm 2 or greater as "severe" ballooning.
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Levator ani muscle trauma was considered if there was a discontiguity between the insertion of the muscle and the rami pubis. 12 To date, evaluation of the levator hiatus requires axial-plane imaging by 3-dimensional (3D) or 4-dimensional (4D) pelvic floor US and tomographic US imaging, 12, 13 which is still unavailable at most basic medical facilities because it is highly dependent on an experienced operator and sophisticated equipment. However, the midsagittal plane, which directly shows the dynamic organ descent on live 2-dimensional (2D) US, is the mainstay of pelvic floor imaging and POP evaluation. [12] [13] [14] [15] The minimal axial plane that is produced by 3D/4D imaging is based on the midsagittal plane and is determined by the anteroposterior (AP) diameter. 12 Furthermore, Pineda et al 16 reported that the anteroposterior hiatal diameter was significantly associated with both POP symptoms and pelvic organ descent and proposed that an anteroposterior hiatal diameter during the Valsalva maneuver of up to 5.99 cm should be regarded as normal, with 6 to less than 6.5 cm defined as mild, 6.5 to less than 7 cm as moderate, 7 to less than 7.5 cm as marked, and 7.5 cm or greater as severe ballooning. It is not impossible to use the anteroposterior diameter as an alternative parameter for assessing hiatal ballooning with 2D pelvic floor US. In this study, we analyzed the association between the anteroposterior hiatal diameter and hiatal area on one hand and the correlation between the anteroposterior diameter and clinical POP stages and symptoms on the other hand. We aimed to determine whether 2D translabial US can be used to evaluate hiatal ballooning by measuring the anteroposterior diameter in the midsagittal plane.
Materials and Methods
This study was a retrospective analysis of data from 312 women who had no history of pelvic or pelvic floor surgery or physiotherapeutic interventions for a pelvic floor disorder and who were seen for lower urinary tract symptoms or POP at the Second Xiangya Hospital between December 2014 and July 2016. All patients had a clinical interview and a POP examination performed by a gynecologist according to the International Continence Society (ICS) Pelvic Organ Prolapse Quantification (POP-Q) system. 17 Four-dimensional translabial US was performed by a qualified sonographer. The data obtained in the context of this study were approved by the Human Research Ethics Committee of the Second Xiangya Hospital.
Translabial US was performed on patients in the supine position after bladder emptying with a Voluson 730 Expert or E8 system (GE Healthcare, Milwaukee, WI) equipped with a 4-8-MHz curved array volume transducer that was covered with a condom and placed on the perineum in a sagittal direction with an 85 8 acquisition angle. 12 The operator took care in using minimal pressure to ensure maximal POP. Volume acquisition was performed at rest and during a maximal Valsalva maneuver and pelvic floor muscle contraction. At least 3 Valsalva maneuvers and pelvic floor muscle contractions were completed per patient. Postprocessing of the US volume data was performed several months later on 4D View version 10.3 software (GE Healthcare), and the researchers were blinded to all of the clinical data.
The anteroposterior hiatal diameter and hiatal area were measured during a maximal Valsalva maneuver. The anteroposterior diameter was measured in the midsagittal plane as the minimal distance between the hyperechoic inferoposterior aspect of the pubic symphysis and the hyperechoic anterior border of the pubovisceral muscle that is just posterior to the anorectal muscularis (Figure 1A) . 12, 13 The hiatal area was measured in the minimal axial plane with minimal dimensions ( Figure  1B) . 12, 18 Intraclass correlation coefficients for a testretest series of 30 patients was 0.91 (95% confidence interval [CI], 0.70-0.97) for the anteroposterior diameter and 0.81 (95% CI, 0.75-0.92) for the hiatal area.
Descriptive statistics were obtained with Excel (Microsoft Corporation, Redmond, WA). The statistical analysis was undertaken with SPSS version 17.0 software (IBM Corporation, Armonk, NY). The relationship between the anteroposterior diameter and hiatal area was tested by a Pearson correlation coefficient analysis. One-way analysis of variance was performed to test the differences in the anteroposterior diameter against the ICS POP-Q stages as well as symptoms. P < .01 was considered statistically significant. The areas under the receiver operating characteristic curves were used to summarize the performance of the anteroposterior diameter in predicting substantial POP (ICS POP-Q stage 2 or higher) and prolapse symptoms. A cutoff value was proposed by the receiver operating characteristic curve analysis.
Results
Of the 312 patients, 18 were removed (11 for incomplete clinical data and 7 for poor volume acquisition), leaving valid data from 294 patients for analysis. ). The anteroposterior diameter had an excellent linear correlation (r 5 0.814; P < .001) with the hiatal area during the Valsalva maneuver. One-way analysis of variance showed significant differences for the anteroposterior diameter according to POP-Q stages 0 to 4 (P < .001; Table 1 ). The anteroposterior diameter A cutoff of 6.0 cm for the anteroposterior diameter against POP-Q stage 2 and higher yielded sensitivity of 73% and specificity of 52% ( Figure 3A) . A cutoff of 20 cm 2 for the hiatal area against POP-Q stage 2 and higher produced sensitivity of 76% and specificity of 54% ( Figure 3A) . For prolapse symptoms, the cutoff of 6.0 cm for the anteroposterior diameter had sensitivity of 74% and specificity of 64%, and the cutoff of 20 cm 2 for the hiatal area had sensitivity of 78% and specificity of 68% ( Figure 3B ).
Discussion
The levator hiatus is the largest portal in the abdominal envelope, and it is the path of pelvic organ descent. An abnormal levator ani muscle is currently the best-defined etiologic factor in the pathogenesis of prolapse. A weaker muscle increases pelvic floor muscle strain and abnormal distensibility of the levator hiatus, which are significantly related to POP. 8, [18] [19] [20] Levator ani avulsion injury is an avulsion of the puborectalis muscle from the pelvic side wall, which alters the pelvic floor muscle anatomy. 21, 22 The hiatal area is an independent risk factor for POP and POP recurrence. 23 Hence, it seems important to evaluate hiatal distensions both for preoperative counseling and during surgical planning.
The findings of this study showed that the anteroposterior diameter had an excellent linear correlation (r 5 0.814) with the hiatal area. This finding can be explained by the principles of levator hiatus imaging. Extensive hiatal distensibility, ie, hiatal ballooning, was assessed by measuring the hiatal area on the minimal axial plane during the maximal Valsalva maneuver with 3D/4D pelvic floor US. 12, 18 The anteroposterior diameter defined the minimal axial plane and showed hiatal distension in the midsagittal plane, which suggested that it is possible to evaluate hiatal ballooning in the midsagittal plane of the pelvic floor. In addition, the anteroposterior diameter had a positive relationship with POP stages and was clearly associated with POP symptoms. We proposed cutoffs of 6 cm to distinguish normal hiatal distension and hiatal ballooning, 6.5 cm for moderate ballooning, and 7 cm for marked ballooning. These outcomes were consistent with the findings from the study by Pineda et al, 16 which showed that the anteroposterior diameter was strongly associated with prolapse symptoms and signs, based on an analysis of 577 women seen at a tertiary urogynecologic unit. This powerful evidence suggested that using the anteroposterior diameter to assess hiatal ballooning was a repeatable and valid method.
All of these findings indicated that it is plausible to evaluate levator hiatus ballooning by measuring the anteroposterior diameter on 2D translabial US, which is inexpensive and easy to perform using a popular 2D abdominal US system. 12 At present, an exact assessment of hiatal ballooning requires axial-plane imaging with 3D/4D pelvic floor US or dynamic magnetic resonance imaging. 24, 25 However, the technology and equipment are not commonly accessible, especially at most basic medical facilities. On clinical assessment, hiatal ballooning can be evaluated by measuring the genital hiatus or the genital hiatus plus the perineal body according to the ICS POP-Q system. 26 Palpation of levator trauma is highly experience dependent, and it needs special clinical training. 27, 28 As an alternative, it is simple and convenient to evaluate hiatal ballooning in the midsagittal plane of the pelvic floor with 2D US. This approach will hopefully contribute to the popular use of pelvic floor US.
There is no doubt that there were many limitations to this study that need to be acknowledged. First, a selection bias may have occurred because our patients were not average women in their age group. Second, our findings were based on a sample of patients who were limited to a population of Chinese women, who are ethnically different from white women and patients of other races 29, 30 ; this issue may be addressed in future large-sample studies of multiracial populations.
In conclusion, hiatal expansion can be evaluated by measuring the anteroposterior hiatal diameter with 2D translabial US. Mild ballooning was defined as an anteroposterior diameter measurement of 6.0 to less than 6.5 cm, moderate ballooning as 6.5 to less than 7.0 cm, and a marked ballooning as 7.0 cm or greater. Anteroposterior hiatal diameter measurement in the midsagittal plane allows clinicians to obtain more important information with 2D US during a POP assessment and will hopefully make its use more widespread because of its simple operation and available equipment.
